ABSTRACT. The geographical variations of the skulls were osteometrically examined in the gray-bellied squirrel (Callosciurus caniceps) from the populations of Korat, Ranong, southernmost Thailand, and Terutau Island. The skull size was larger in northern population than in the southern population in the continental mainland. The zoogeographical influences of the Isthmus of Kra remained unclear, since the plots from Korat population were intermingled with those from southernmost Thailand population in the principal component charts. Although Korat population has been thought to belong to north group, we suggest that Ranong and southernmost Thailand p opulations may contain individuals from both north and south groups separated by the ancient Kra barrier. Terutau Island population was similar to southernmost Thailand population in skull size, although Terutau population has been isolated in the island and separ ated from the south group of the Isthmus of Kra. In the proportional analysis the interorbital space was narrower and the binocular sense has been well-developed in Terutau population. It suggests that this population has been highly adapted to arboreal behavior. In contrast, the skull with larger interorbital space was more adaptive for terrestrial life in Korat population. The canonical discriminant analysis could clearly separate the four populations in the scattergrams of discriminant scores.
The Indomalayan Region includes about 10 species of the genus Callosciurus [2, 3, 13] . Among them the gray-bellied squirrel (Callosciurus caniceps) represents one of the most typical arbo-terrestrial squirrels in this region. The species is widely distributed in the north and central Thailand and the Malayan Peninsula, and shows complicated skin color variations in each locality [1, [8] [9] [10] [11] [12] . However, the osteometrical data have not been reported from the large distribution areas and the geographical variations have remained unclear in skull shape. We have expected that the skull shape has been functionally adapted to various natural environments within the species. In this study, therefore, the osteometrical and related statistical analysis were carried out in the skull to clarify the geographical variation among populations and to confirm the functional adaptation in each locality.
MATERIALS AND METHODS
We examined 74 skulls of the gray-bellied squirrel that have been stored in the Mammal Division in National Museum of Natural History of Smithsonian Institution. Museum numbers of each specimen are provided in Appendix 1. The skull specimens with fully erupted molars were used and considered as adult. Sex determination was dependent on the description of biological data of specimens. The composition of origin and their abbreviations, and sex are shown in Table 1 . We selected only four geographical populations (Table 1 ) from all subspecies of the gray-bellied squirrel, since relatively numerous specimens have been obtained from these four localities and stored as Museum Collection. Korat population was identified as Callosciurus caniceps caniceps, Ranong population as Callosciurus caniceps bimaculatus, Terutau Island population as Callosciurus caniceps lacevensis or Callosciurus caniceps adangensis in the biological record of the Museum specimens. Since the skin color variations from southernmost Thailand population are complicated, we considered them as one group in the osteometrical study. Skull measurement data were obtained with vernier calipers to the nearest 0.05 mm. Measurements are defined in Table 2 , and were based on Driesch [4] . Differences of mean values among localities were examined by Student's t-test. We calculated the proportion indices as quotients of each measurement value divided by geometric mean of all measurement values. The significant differences of proportion indices were evaluated among populations by nonparametric U-test using software Statistica (Statsoft Inc., Tokyo, Japan). Principal component analysis and canonical discriminant analysis were carried out with all measurement data to clarify the geographical variation among localities by the use of the same software.
RESULTS
Mean values and standard errors of the 24 measurements are given in Table 3 . Statistical differences in these measurements between all combinations of populations are shown in Table 4 . We used the limit of 5% to evaluate the statistical differences. The statistical differences of mean values were obviously confirmed among the four populations. The skull size was larger in northern population than in the southern population among K, R, and S materials in mean values. The mean values of T population were obviously smaller than those of K population. The results of ttest showed significant size differences between many combination of localities, although the relationships between S-T in both sexes and K-R in female did not significantly indicate the differences in many measurements (Table 4 ). In the comparison between S and T populations, SL, DL, LMR1 and GPB were not different. It indicated that the size of the spranchnocranium region was similar between the two populations. The measurement values were also similar in mandibular size in these two populations.
The proportion indices are arranged in Table 5 , and their significant differences confirmed by nonparametric U-test among localities are shown in Table 6 . The significant differences were not observed in many indices in female. However, CL and LBS were larger and LBC smaller in T population than in the other populations. SL and LBO were larger and GNB and GOB smaller in K population. The tendency was statistically obvious in male, and the results of female in some locality combinations were consistent with those of male.
The principal component charts are shown in Fig. 1 . The loading factors are arranged in each measurement ( Table 7) . The plots of the species were considered as four groups of K, R, S and T in charts of both sexes. However, the plot distribution of R was intermingled with S in both sexes, T with S in female. K plots in both sexes and T plots in male were completely separated from those of the other popula- tions. The scattergrams from the canonical discriminant analysis are shown in Fig. 2 , and the coefficients of the discriminant function are arranged in Table 8 . The four populations were obviously distinguished in the plots of the discriminant scores unlike the principal component charts from the same osteometrical data. Each value indicates the limit percentage in which the significant differences are confirmed between the two populations. 
DISCUSSION
Since the important measurements as PL, ML and CL showed statistical difference between K, R, S populations (Tables 3 and 4) , the traditional Bergmann's rule may be established among the three mainland populations. The influences of the Isthmus of Kra located in peninsular Thailand should be appreciated as an ancient zoogeographical barrier. We confirmed the sympatric distribution in the common tree shrew populations including the two independent species, Tupaia glis and Tupaia belangeri, in the south region of the Isthmus of Kra including original localities of R and S populations in the present study [5] [6] [7] . So, we can suggest that both R and S populations may contain the complicated genetic races influenced by the Isthmus of Kra. Indeed, the principal component charts did not separate R population from S population (Fig. 1) . Although K population has been thought to belong simply to north group, we suggest that R and S population may contain individuals from both north and south groups separated by the ancient Kra barrier.
We noticed that the skull size of T population was not statistically different from that of S population in many measurements in each sex (Tables 3 and 4 ). The skin color of this population has been thought to be similar to that of Callosciurus caniceps concolor and Callosciurus caniceps fallax, the peninsular Thailand and related island populations in skin color character [2, 11] . Since Terutau Island is located near the border between Thailand and Malaysia, we think that the north group of the Isthmus of Kra may not be genetically related to this population. We suggest that the island-isolation effects in Terutau Island had influences on the skull size and shape of the ancestors in south group of mainland. Geographical factors of the size similarity between S and T populations should be examined in the future. The present data in the proportional analysis (Tables 5  and 6 ) indicated the adaptational strategy in field behavior of each population. The smaller LBC indicated that the interorbital space was narrower and that the binocular sense has been well-developed in T population. It suggests that the skull has been highly adapted to arboreal behavior. In contrast, the large LBO suggests that the animal was more adaptive for terrestrial life in K population. The large GNB Table 1 . Horizontal axis, the first principal component. Vertical axis, the second principal component.
and GOB indicated that the braincase has been enlarged bilaterally in this population, but the functional significance of the characters cannot be easily explained. The positive loading factors and the explaining percentage of the first principal component scores suggest that the size factor contributes to the separation between the populations in this analysis (Table 7 and Fig. 1 ). The plots of R population could not be separated from those of S population in the principal component analysis, but the similarities were not so obvious that canonical discriminant analysis could distinguish these two populations (Figs. 1 and 2) .
In this study, the sample size was smaller in female of K and T populations. The standard deviations were larger in female than in male at least in K and T populations. The number of skulls should be larger in the future. However, we can point out that the statistical tests and the multivariate analyses were valid also in female as well as in male in this examination. Percentages of the variation explained by each factor (*).
